1. Introduction
===============

Growing attention is being paid to perioperative management using the enhanced recovery after surgery (ERAS) protocol, which aims to reduce surgical invasiveness and postoperative complications and shorten hospital stay. Major limiting factors for the ERAS protocol include pain, gastrointestinal (GI) dysfunction, and immobility. Although these 3 factors interact with each other, it is particularly important to control postoperative pain for the improvement of GI dysfunction and immobility. The use of patient-controlled analgesia (PCA) using epidural anesthesia has recently been recommended as a postoperative pain management strategy for the ERAS protocol.^\[[@R1]--[@R3]\]^ The combined use of a low-dose opioid with local anesthetics has been demonstrated to be very effective for postoperative pain control. Meanwhile, postoperative nausea and vomiting (PONV) and GI dysfunction caused by opioid use has been identified as a major limiting factor for the ERAS protocol. Recommended solutions to this problem include the concomitant use of nonopioid anti-inflammatory analgesics, such as Non-steroidal anti-inflammatory drugs (NSAIDs) and pentazocine hydrochloride.^\[[@R4],[@R5]\]^ Therefore, a postoperative pain control regimen that maintains GI peristalsis while minimizing the development of PONV is required for the facilitation of ERAS. In this study, we introduced the scheduled intravenous (IV) infusion of acetaminophen in combination with epidural anesthesia, with the aim of reducing the postoperative use of opioids, thereby reducing PONV, and evaluated changes in postoperative opioid use and effects on early postoperative recovery.

2. Methods
==========

This single-center intervention study was conducted to evaluate the efficacy of scheduled acetaminophen IV infusion for postoperative pain control and subsequent ability to reduce opioid use after gastrectomy for gastric cancer, as well as the usefulness of acetaminophen for the facilitation of ERAS. We have introduced a scheduled, postoperative IV acetaminophen regimen since February 2015. Two hundred fifty-four consecutive patients with gastric cancer were identified from the prospectively constructed database at the Department of Gastroenterological Surgery, Toranomon Hospital between January 2014 and December 2015. Of the 153 patients treated before the introduction of the acetaminophen regimen, 147 patients, after excluding 6 patients who did not receive epidural anesthesia, were allocated to the control (C-) group, while 96 of the 101 patients treated after the introduction of the regimen were allocated to the acetaminophen (A-) group, after excluding 5 patients not receiving epidural anesthesia. Patients in both groups were matched for demographic variables using propensity scores, and the following variables in the matched groups consisting of 96 patients each (Fig. [1](#F1){ref-type="fig"}) were compared: postoperative course (fever pattern, inflammatory responses); postoperative complications; postoperative pain assessment; and clinical efficacy (improvement in GI motility, incidence of PONV). Disease was staged according to the UICC TNM grading system, version 7.^\[[@R6]\]^ Postoperative complications were graded according to the Clavien--Dindo classification system,^\[[@R7]\]^ with grade ≥2 events recorded as complications. Postoperative liver dysfunction was graded according to the Common Terminology Criteria for Adverse Events, with grade ≥3 events (defined as ≥5 × the upper limit of normal) recorded as complications. Pain assessment was based on the number of PCA pushes for epidural anesthesia, postoperative opioid use, and the frequency of use of nonopioid analgesics, including NSAIDs and pentazocine hydrochloride. Improvement in GI motility was assessed on the basis of time to the first defecation/flatus after operation. Effects on PONV were assessed on the basis of the number of doses of metoclopramide after the operation and the rate of early withdrawal from epidural anesthesia. This study was carried out with approval from the Institutional Review Board of Toranomon Hospital.
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2.1. Operative procedure
------------------------

According to the Japanese Gastric Cancer Treatment Guidelines,^\[[@R8]\]^ we perform laparoscopic surgery in clinical stage (cStage) I cases and open surgery in cStage ≥II cases. The operative procedure was either total gastrectomy or distal gastrectomy, with D1+ or D2 lymphadenectomy depending on the degree of progression and surgical risk.^\[[@R9]--[@R11]\]^ The reconstruction technique was either Billroth-I or Roux-en Y.

2.2. Epidural anesthesia
------------------------

Epidural anesthesia was administered as a continuous infusion of a 300-mL mixture of Anapeine (288 mL) and fentanyl (6 ampules, 0.1 mg/2 mL) at a rate of 2 to 5 mL/h depending on pain intensity, starting immediately after the operation, with 1 to 3 mL PCA (i-Fuser, JMS Co., Ltd., Tokyo, Japan) as rescue analgesia.

2.3. Acetaminophen
------------------

An IV infusion of acetaminophen (Acelio Intravenous Injection; TERUMO Co. Ltd., Tokyo, Japan) was started on the day of the operation at 1000 mg/dose every 6 hurs for patients weighing ≥50 kg, or at 500 mg/dose every 6 hours for patients weighing \<50 kg, at consistent times every day. The infusion continued until hospital day 3, when oral intake and oral medications were started.

2.4. Statistical analysis
-------------------------

Statistical analysis was performed using Statistic Package for Social Science (SPSS) version 19.0J for Windows (SPSS Inc., Chicago, IL). Intergroup comparisons were performed using the Pearson Chi-square test, McNemar test, Fisher exact test, or Mann--Whitney *U* test, as appropriate. In this study, we performed propensity score matching to minimize the selection bias between patients treated before and after the introduction of the acetaminophen regimen. The propensity score matching was calculated from a multivariate logistic regression model, including age, sex, body mass index (BMI), the American Society of Anesthesiologists (ASA) score, tumor staging, the extent of lymphadenectomy, operative approach, and operative procedure. With propensity score estimated, 96 pairs of patients before and after the introduction of the acetaminophen groups were matched using a 1 : 1 nearest neighbor matching algorithm. For all analyses, differences were considered statistically significant when *P* \< 0.05.

3. Results
==========

3.1. Patient characteristics
----------------------------

Table [1](#T1){ref-type="table"} summarizes the patient characteristics of A- and C-groups. Both groups were similar with respect to age, sex, BMI, ASA score, clinical stage, operative procedure, the extent of lymphadenectomy, operative approach and reconstruction technique, as well as operative outcomes, including operative duration and blood loss.

###### 

Clinicopathological characteristics of the 192 patients.
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3.2. Anti-inflammatory effect
-----------------------------

Table [2](#T2){ref-type="table"} compares the inflammatory measures between the 2 groups. Figure [2](#F2){ref-type="fig"}A shows the postoperative fever patterns in both groups. Significant defervescence was demonstrated in the acetaminophen group, with a peak temperature of 37.6°C in the acetaminophen group and 38.1°C in C-group (*P* \< 0.001). Although no significant intergroup difference was observed in fever intensity immediately after operation, the A-group showed faster defervescence and significantly greater decreases in fever between postoperative day (POD) 1 and POD3. With regard to postoperative inflammatory responses, blood testing showed no significant difference in white blood cell (WBC) or C-reactive protein (CRP) values between the groups. The mean length of postoperative hospital stay in A-group (13.2 days) was one-and-a-half day more apt to shorten than in C-group (14.7 days), but the difference between the 2 groups was not significant (*P* = 0.062).

###### 

Effect of postoperative intravenous acetaminophen.
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![Postoperative temperature. The postoperative fever patterns in both groups. The A-group showed faster defervescence and significantly greater decreases in fever between POD 1 and POD3. Number of PCA pushes. The change in the daily number of PCA pushes up to POD3. A significantly reduced frequency of PCA pushes in A-group was noted each day in the period between the day of operation (POD0) and POD3 (*P* \< 0.05).](medi-95-e5352-g004){#F2}

3.3. Postoperative complications
--------------------------------

Table [3](#T3){ref-type="table"} summarizes the postoperative complications of both 2 groups. Postoperative complications were observed in 20 of 96 (20.8%) patients in C-group and 21 of 96 (21.9%) patients in A-group, with no significant difference between the groups (*P* = 0.860). No significant difference was also found in the incidence of individual complications. Concerning liver dysfunction, a known adverse reaction to acetaminophen, no significant increase was observed in its postoperative incidence, which demonstrates the safety of the current regimen. No significant difference was also observed in the incidence of CD grade ≥3 complications, which occurred in 6 (6.3%) patients in C-group and 4 (4.2%) patients in A-group (*P* = 0.516). No death was reported in both groups.

###### 

Postoperative complications.
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3.4. Assessment of postoperative analgesia
------------------------------------------

The number of PCA pushes for postoperative epidural anesthesia, postoperative opioid use, and the number of bolus doses of other nonopioid analgesics were recorded for pain assessment (Table [2](#T2){ref-type="table"}). The number of postoperative PCA pushes was significantly reduced in A-group compared with C-group (21.0 vs 32.9; *P* = 0.007). Figure [2](#F2){ref-type="fig"}B shows the change in the daily number of PCA pushes up to POD3. A significantly reduced frequency of PCA pushes in A-group was noted each day in the period between the day of operation (POD0) and POD3 (*P* \< 0.05), indicating a significant reduction in pain. And the frequency of use of nonopioid analgesics outside the postoperative acetaminophen regimen was also significantly reduced in A-group (1.56 doses) compared with C-group (2.82 doses; *P* \< 0.001). Figure [3](#F3){ref-type="fig"} shows the changes in postoperative opioid uses. Each column denotes the daily opioid use, while the polygonal lines denote cumulative opioid uses. Daily opioid uses were significantly reduced in A-group each day between POD0 and POD2 (*P* \< 0.001). Consistent with this, a significant reduction about 37% in the cumulative opioid use was also noted in A-group (*P* \< 0.001).
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3.5. The effectiveness of the reduction of opioid use
-----------------------------------------------------

With regard to improvement in postoperative GI motility, the median time to first flatus/defecation after the operation was 3.0/4.2 days in C-group versus 2.0/3.7 days in A-group, respectively, indicating significantly greater improvement in GI motility in A-group (*P* \< 0.001 and *P* = 0.038, respectively; Table [2](#T2){ref-type="table"}). As for the effects on PONV, significantly fewer patients used at least 1 dose of metoclopramide for postoperative nausea in A-group (12 patients, 12.5%) compared with C-group (25 patients, 26.0%) (*P* = 0.017). The number of patients who had to discontinue epidural anesthesia due to PONV was also significantly reduced in A-group (2, 2.1%) compared with C-group (11, 11.5%) (*P* = 0.010).

4. Discussion
=============

PCA using epidural anesthesia has recently been recommended as a postoperative pain management strategy for the ERAS protocol.^\[[@R1]--[@R3]\]^ The combined use of low-dose opioid with local anesthetics has been demonstrated to be very effective for postoperative pain control. Meanwhile, the use of opioids has been associated with the risk of PONV. Therefore, a postoperative pain control regimen that maintains GI peristalsis while minimizing the development of PONV is required for the facilitation of ERAS. At Toranomon Hospital, we have introduced scheduled postoperative IV infusion of nonopioid analgesic acetaminophen combined with epidural anesthesia, with the aim of reducing opioid use without increasing the intensity of postoperative pain to facilitate postoperative recovery.

There are 2 potential advantages of using the scheduled IV acetaminophen regimen after gastrectomy for gastric cancer. First, the acetaminophen regimen did not increase the frequency or severity of postoperative complications. Second, PONV was significantly reduced and motility of GI tract was improved compared with conventional pain management after gastrectomy probably due to decreased used of opioid, resulting in enhanced recovery and decreased duration of hospital stay after surgery.

Conventionally, acetaminophen has reportedly been associated with liver damage, as up to 90% of the absorbed dose of oral acetaminophen is metabolized in the liver.^\[[@R12],[@R13]\]^ However, Jahr and Lee^\[[@R14]\]^ suggested that IV acetaminophen does not undergo first-pass metabolism in the liver and other studies reported that postoperative IV acetaminophen may not increase postoperative complications.^\[[@R15],[@R16]\]^ Current results were compatible with these reported outcomes. The A-group showed significant defervescence compared with the C-group. Defervescence leads to improvement of fever-related subjective symptoms, but there is a concern of masking postoperative complications. However, given that there was no significant difference in morbidity rates between the 2 groups, the postoperative scheduled IV acetaminophen may not be related to increased severity of complications.

The concomitant use of IV acetaminophen significantly decreased the use of opioid and the other analgesics. With reduced used of opioid, significant reduction in the incidence of PONV and enhanced motility of GI tract was confirmed in the A-group. These factors may contribute to enhanced recovery and shortened hospital stay, though the statistical difference was marginal between the 2 groups in this study. Several recent studies have shown that the concomitant use of acetaminophen reduces the postoperative use of opioids, such as morphine and fentanyl, and that postoperative acetaminophen is also clinically effective in reducing opioid use and consequently reducing the incidence of PONV.^\[[@R6],[@R7],[@R13],[@R17]--[@R19]\]^ The incidence of PONV is generally reported to be 20% to 40%, affecting more females than males, and increases up to 70% to 80% in high-risk patients.^\[[@R5],[@R20]\]^ Early PONV, defined as occurring within the first 2 hours after the operation, is primarily attributable to anesthetics used during the operation, whereas those occurring thereafter are considered to be predominantly due to postoperative opioid use.^\[[@R21]--[@R24]\]^ We have introduced the scheduled acetaminophen regimen, which resulted in reduced incidence of PONV by indirectly reducing opioid use. Acetaminophen has also been shown to have a direct antiemetic effect. Decreased brain concentration of anandamide, a CB1/CB2 cannabinoid receptor, is associated with aggravation of nausea/vomiting.^\[[@R25]--[@R27]\]^ In fact, the present study showed that, although 11.5% of patients had to discontinue epidural anesthesia due to PONV before introduction of the acetaminophen regimen, the percentage significantly decreased to 2.1% after introduction of the regimen (*P* = 0.010). The percentage of patients who used at least 1 dose of metoclopramide for PONV after the operation also significantly decreased from 26.0% before introduction to 12.5% after introduction of the regimen (*P* = 0.017).

Limitations of this study may include its retrospective nature and relatively limited number of patients after propensity score-matching. However, perioperative management was similar except for the pain management during the study period and the current data are based on a prospectively collected database for consecutive patients. In addition, significant reduction in opioid use and PONV seem to have strong association with enhanced recovery and decreased duration of hospital stay after gastrectomy. External validation study using sufficient number of patients would be needed to confirm the current observations.

5. Conclusions
==============

Scheduled postoperative IV acetaminophen after gastrectomy may reduce the use of opioids and might be associated with enhanced GI motility and decreased incidence of PONV after gastrectomy. Routine use of IV acetaminophen may be a feasible pain management option in ERAS protocol.

Abbreviations: GI = gastrointestinal, PONV = postoperative nausea/vomiting, ERAS = enhanced recovery after surgery, NSAIDs = Non-steroidal anti-inflammatory drugs, PCA = patient-controlled analgesia, BMI = body mass index, ASA = the American Society of Anesthesiologists.
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